Dredging in the Danger Island Troughs, which divide the High and Western parts of the Manihiki Plateau, recovered several fresh pebbles of olivine tholeiite and tholeiite, a single pebble of highly altered gabbroic cumulate, and several dozen pebbles of altered variolitic basalt. Whole-rock chemical analyses and trace element analyses indicate that two of the basalt samples are abyssal tholeiites having very high concentrations of MgO, Ni, and Cr. The samples are characterized by the presence of abundant microphenocrysts of chromite and both phenocryst and quench olivine. The basalt samples show concentrations of SiCh, AI2O3, CaO, Na2θ, TiCh, Cu, Zn, V, Pb, Rb, and Ba increasing as MgO decreases and concentrations of Cr, Ni, Co, Nb (?), and Sc (?) decreasing as MgO decreases. Microprobe analyses of olivine and chromite from the three basaltic samples show that both chromite and olivine became more iron rich during fractionation. Olivine compositions decrease from F088.2 to F085.1 as MgO in the whole rock decreases from 14.7 to 8.8 wt%. The dredged basalts differ from those drilled in Hole 317A on the High Plateau by containing olivine, chromite, and pigeonite, and at the same time having higher Siθ2 concentrations. The dredged basalts and their phenocryst-free glass compositions fall on olivine control lines, as their mineralogy suggests they should. A liquid having the composition of the dredged basalts could be generated by a large degree of partial melting at very shallow mantle depths. Liquids with the general compositional range of the drilled Manihiki basalts are consistent with a somewhat smaller degree of partial melting at a somewhat greater depth. 
trations of Cr, Ni, Co, Nb (?), and Sc (?) decreasing as MgO decreases. Microprobe analyses of olivine and chromite from the three basaltic samples show that both chromite and olivine became more iron rich during fractionation. Olivine compositions decrease from F088.2 to F085.1 as MgO in the whole rock decreases from 14.7 to 8.8 wt%. The dredged basalts differ from those drilled in Hole 317A on the High Plateau by containing olivine, chromite, and pigeonite, and at the same time having higher Siθ2 concentrations. The dredged basalts and their phenocryst-free glass compositions fall on olivine control lines, as their mineralogy suggests they should. A liquid having the composition of the dredged basalts could be generated by a large degree of partial melting at very shallow mantle depths. Liquids with the general compositional range of the drilled Manihiki basalts are consistent with a somewhat smaller degree of partial melting at a somewhat greater depth. The gabbroic cumulate contains chromite (average) (Tio.oβFe + 2 o.oò) (Mg3.i4Fe +2 4.79Mno.o«) (Crio.78Al3.7 5 Fe +3 i.3β)θ32, bronzite (average) (Enso.<Wos.sFsi• .i), augite (Enss.iWoss.sFss.<), saponite and serpentine pseudomorphs after subhedral to euhedral olivine, and rare labradorite and a Carich zeolite. The recovery of the gabbroic cumulate within the Danger Island Troughs suggests that at one time the troughs were the site of active faulting. A tectonic model for the evolution of the plateau, consistent with a fracture zone origin for the Danger Island Troughs, requires the formation of the Manihiki Plateau at a triple junction of the Pacific, Farallon, and Antarctic plates. SETTING Winterer et al. (1974) , in describing the general structure and acoustic stratigraphy of the Manihiki Plateau, divided the plateau into three distinct morphologic subprovinces, the High, the North, and the Western plateaus. These subprovinces are separated from one another by deep internal troughs, the Western Plateau from the High Plateau by a system of en echelon northeast-trending troughs, the Danger Island Troughs (Mammerickx et al., 1974) . Basement rocks crop out at many places on steep slopes along narrow ridges in the Western Plateau and within the Danger Island Troughs.
INTRODUCTION AND GEOLOGIC
Basement rocks were dredged at four localities in the Danger Island Troughs during the SOUTHTOW-11 expedition of the Scripps Institution of Oceanography (see Winterer et al., 1974) 
, contour interval, 200 meters. Dredge location shown by dots. Exact location and depth of dredges given in text.
Troughs. Dredges 68D, 78D, and 80D were all taken on basement ridges; dredge 70D was taken in an attempt to recover sedimentary and basement rocks from the fault bounding the High Plateau. Airgun profiles near each dredge location, given by Winterer efal. (1974) , show the approximate location of dredged scarps for dredges 68D, 70D, 78D, and 80D, respectively (their fig. lOe, 5d, lOd, and 10b) . Hole 317A is near the center of the High Plateau, southeast of the dredge sites ( Figure 1 ).
PETROGRAPHY OF DREDGED SAMPLES
The general petrography of the basalts and single gabbroic cumulate recovered is reported by Clague (quoted in Winterer et al., 1974) . Dredge 68D recovered pale brown altered basalt and volcanic breccia cemented by phosphorite and coated by manganese (see Plate 1, Figure 1 ). Nearly all the basalt fragments recovered are altered to bright green montmorillonite-group clays on the margins. Fragments up to 3 cm in diameter are completely altered (see Plate 1, Figure 2 ). Dredge 70D recovered about 25 pebbles of very highly altered basalt and volcaniclastite; nearly all samples are nuclei of manganese nodules. Dredge 80D recovered a few small pebbles of very highly altered basalt and volcanic breccia. No thin sections were made of any samples from dredges 68D, 70D, or 80D, owing to the extreme alteration observable in hand specimens.
Dredge 78D recovered about 25 pebbles, the largest about 5 cm in diameter, nearly all highly altered variolitic basalt. A typical example contains about 15% iddingsite pseudomorphs after olivine phenocrysts set in a matrix of glass altered to montmorillonite-group clays, skeletal plagioclase laths, and subordinate clinopyroxene. In three of the samples, a white to pale green alteration rind of montmorillonite-group clays, 2 to 5 mm thick, surrounds fresh black prophyritic basalt (see Plate 2, Figures 3 and 4) . Two of these samples are petrographically identical and contain 15%-20% olivine phenocrysts; the third sample contains only rare olivine phenocrysts. The larger olivine crystals (up to 2mm) are deeply embayed by glass (see Plate 1, Figures 5 and 6) ; the smaller crystals (to 0.7 mm) are subhedral to euhedral. A few calcite pseudomorphs after olivine phenocrysts are present. These rocks contain abundant euhedral microphenocrysts (up to 0.07 mm) of dark red-brown chromite. Most of the chromite crystals are enclosed in olivine phenocrysts; a few clusters or single crystals occur in the glassy groundmass. The presence of spinel in clusters in the groundmass suggests that these chromite crystals may have been enclosed in olivine crystals that are now completely resorbed by glass. The groundmass is mainly dark brown to black glass that contains plumose quench pigeonite (see Plate 1, Figure 7 ) elongate grains of quench olivine (see Plate 1, Figure 8 and Plate 2, Figure 1) , and, rarely, amygdules of calcite and chalcedony. The third fresh basalt sample ) has a similar texture but contains only about 3% olivine phenocrysts (<0.9 mm) and rare plagioclase microphenocrysts. Chromite is much less abundant than in Samples ST 11-78-15 or ST11-78-14. The quench pigeonite microlites, though still of unusual plumose texture, are better developed (<0.2 mm). The elongate skeletal quench olivine grains are less abundant than in . In all three samples, the altered rind is composed mainly of montmorillonite-group clays, and the olivine phenocrysts in the rind have altered to a colorless highly birefringent fibrous clay (probably nontronite or saponite).
The dredged basalts contain no vesicles, whereas the drilled basalts are highly vesicular. The absence of vesicles in the dredged basalts indicates that these basalts erupted in deep water, whereas the drilled basalts are interpreted by Jackson et al. (this volume) to have erupted in very shallow water. The petrology of the basalts drilled in Hole 317A is described by Jackson et al., (this volume) . The dredged basalts differ by the presence of olivine, chromite, and pigeonite and the absence of microphenocrysts of plagioclase and pyroxene.
Dredge 78D recovered, in addition to the fresh olivine basalt and the olivinebearing basalt (ST 11-78-16) described above, a single 1.5-cm-diameter pebble of highly altered gabbroic cumulate. The sample contains abundant subhedral to euhedral pseudomorphs of clay minerals and serpentine after olivine. In one part of the sample, pseudomorphs of serpentine having a bastite texture (see Plate 2, Figure  2 ) occur only a few mm away from highly birefringent, pleochroic, pale yellow to tan fibrous saponite replacing olivine (Mg-rich montmorillonite; see section entitled mineral compositions and Plate 2, Figures 3 and 4 ).
An X-ray diffractogram of the sample reveals only pyroxene, montmorillonite-group minerals (14.26Å), and serpentine (or septochlorite). Small remanent fragments of augite and hypersthene crystals are present, although both pyroxenes are extensively replaced by clays. The former presence of 20%-30% feldspar is inferred from the abundance of low-birefringent clays (montmorillonite-group minerals) and Ca-rich zeolites between mafic grains and the observed replacement of a single plagioclase feldspar lath by similar clays. Accessory euhedral chromite is abundant (~3% of sample) and almost invariably occurs within or along the grain boundaries of olivine pseudomorphs. The textural association of chromite and olivine pseudomorphs (see Plate 2, Figures 3 and 4) supports the identification of the pseudomorphs as being secondary after olivine. Prior to alteration, the rock appears to have been an olivine-chromite cumulate; it contains post-cumulus bronzite, augite, and plagioclase.
CHEMICAL COMPOSITION OF DREDGED ROCKS

Major Elements
Samples ST11-78-14, -15, and -16 from dredge 78D were analyzed for major elements by X-ray fluorescence and atomic absorption spectrometry. Siθ2, AI2O3, FeO (total iron calculated as FeO), CaO, K2O, T1O2, and P2O5 were determined by X-ray fluorescence on polished La2θ3-spiked LiBθ3 fused sample and standard discs; Na2θ, MgO, and MnO were determined by atomic absorption spectrometry. Sample preparation, instrumental operating conditions, corrections for spectral interferences, and precision and accuracy of the analyses are given by Clague (1974) . The analyses are presented in Table 1 along with normalized analyses and calculated CIPW norms. Sample STl 1-78-14 was contaminated with styrene plastic from the Spex mixer mill used for pulverizing the sample. Chemical analysis of the contaminant indicates that the plastic does not contain detectable amounts of any of the analyzed elements and should be considered a dilutent only. The low total reported for this sample reflects the presence of a few percent of this plastic dilutent. The slightly low totals reported for STl 1-78-15 and STl 1-78-16 most probably reflect the presence of H2O and CO2, which were not determined.
All three analyzed samples are hypersthene normative and highly depleted in K2O, P2O5, and T1O2. Their classification as abyssal tholeiite ) is unequivocal despite the high concentration of MgO in Samples STl 1-78-15 and -14. Sample STl 1-78-16 contains at least 1.17% normative quartz (calculated from the dry reduced analysis). All three analyzed basalts plot in the tholeiite field on a total alkali-silica diagram ( Figure 2) ; all fall within the field of Site 317A basalts on a normative An-Ab-Or ternary diagram (see Figure 3a) . On an AFM diagram (Figure 3b) (Field A; Stoeser, in press) . Samples ure 4. The fields for basalts from Site 317 (Jackson et al., this volume) and the Ontong-Java Plateau (Stoeser, in press ) are shown for comparison.
PETROLOGY OF BASALTIC AND GABBROIC ROCKS
Partial analyses of the glass (including both quench pigeonite and olivine but excluding chromite and olivine phenocrysts) were determined by electron microprobe using a lOµ-diameter beam ( Table 2 ). The glass compositions for Samples ST11-78-14, -15, and -16 show considerably less MgO than the whole-rock compositions. Considered alone, the dredged basalts and the basalt glass from the same samples fall on an olivine control line (see Wright, 1971, and Figure 4) as their mineralogy suggests they should. It is not certain whether the whole-rock and glass compositions are related by fractional crystallization of olivine and chromite or by the incorporation of variable amounts of olivine and chromite xenocrysts during ascent of the magma. The embayed crystal forms of most of the olivine phenocrysts suggest that the crystals are xenocrysts rather than phenocrysts.
The chemical relation of the dredged basalts to the Hole 317A basalts is less clear. The high silica content of the dredged basalts, particularly the basaltic glasses, relative to those in the drilled basalts, together with the presence of both phenocryst and quench olivine in the dredged basalts and its absence from the drilled basalts, appears to be a paradox. It is clear that the dredged and drilled basalts cannot be related by shallow fractionation of olivine, clinopyroxene, or plagioclase or any combination of these minerals; the differences in composition are perhaps better ascribed to differences in temperature, depth or volume of melting, or possibly to differences in parental materials.
Minor Elements
Cr, Nb, Ni, Zr, Y, Sc, and Ba were determined by quantitative spectrochemical analysis using methods Irvine and Baragar, 1971) for dredged basalts from Danger Island Troughs, basalt recovered at DSDP Hole 317A (Field B; Jackson et al., this volume) Figure 2 . described by Bastron et al. (1960) ; Sr, Cu, Rb, and Zn were determined by atomic absorption spectrometry using a heated graphite analyzer. Sample preparation, absorption lines employed, and drying, charring, and atomizing times and temperatures for the graphite furnace are described by Clague (1974) . The determination of Co, V, Cu, and Zn may not truly reflect the wholerock concentrations due to the failure to totally dissolve chromite using the methods employed. V, in particular, may be highly concentrated in chromite (E.D. Jackson, personal communication, 1974) , and the values reported may be low. The minor-element data are listed in Table  3 Fabbi, oral communication, 1975) . It is likelier, however, that the high values reflect the substitution of Nb into chromite and that the concentrations reported are correct. The concentrations of Cr, Ni, Co, and Sc are higher than previously reported for abyssal tholeiites. It is apparent from Table 15 of Jackson et al. (this volume) that the basalts from Hole 317A are depleted in the same incompatible trace elements as the dredged basalts, but to (Figures 5 and 6 ), Sample ST11-78-16 has about twice the concentrations of both Ni and Cr as those of the Hole 317A basalts with similar MgO content. The plot of Ni relative to MgO shows that the Ni concentration of the Hole 317A basalts is relatively constant; this suggests that olivine is not a major crystallizing phase in basalts with MgO <10% during shallow fractionation, as proposed by Kay et al. (1970) . The high concentrations of Ni and Cr, together with the textural evidence, suggests that most, if not all, phenocryst olivine and chromite in Samples ST11-78-14, -15, and -16 occur as xenocrysts. This interpretation would explain the highly embayed crystal forms as well as the unusually high Ni and Cr content of Sample ST11-78-16, a basalt containing <9% MgO and >52% SiO 2 .
HY Figure 3. An-Ab-Or, A-F-M, OL-DI-HY-QTZ ternary diagrams (after
. MgO variation diagrams for dry, reduced oxides of basalts dredged (dredge ST11-78D) from Danger Island Troughs and basalt drilled at DSDP Hole 317A (Field B; Jackson et al, this volume) and Site 289 (Field A; Stoeser, in press). Lines marked of project to olivine of composition Fog5 and show olivine control of dredged samples. Sample identification for dredged basalts and phenocryst-free glass compositions given in caption to
The dredged basalts plot closer to the origin on a P2θ5-Tiθ2 diagram (Figure 7 ) than any basalt in the abyssal tholeiite field of Bass et al. (1973) (Jackson et al, this volume) .
are strongly depleted with respect to Zr, but the Nb values are highly variable. Plots of Zr relative to Sr (Figure 8 ) show that the dredged basalts are more depleted in both elements than either the Hole 317A basalts or the abyssal tholeiites used by Bass et al. (1973) to determine the field for ocean-ridge basalts. Pearce and Cann (1973) suggested several trace-element plots to be employed in classifying basalts. On their plot of Ti relative to Zr, the dredged basalts fall in the region of low-potassium island arc tholeiites rather than the ocean-ridge tholeiite field. Similarly, on a ternary plot of Ti/100, Zr and Y 3, the dredged basalts fall outside the boundaries of any field determined by Pearce and Cann (1973) . The dredged basalt plots far into the Y 3 corner of such a diagram. Ishikawa (1968) (Jackson et al., this volume) .
• SITE 317
Ocean Island s* Tholeiites Figure 7 . P205:Tiθ2 diagram (after Bass et al, 1973) for basalts dredged (dredge ST11-78D) from Danger Island Troughs and basalt drilled at DSDP Hole 317A (Jackson et al., this volume) . Fields for ocean-ridge tholeiite, ocean island tholeiite, and alkali basalt from Bass et al, 1973 . (after Hubbard, 1967; Bass et al, 19 73) 
of basalts dredged (dredge ST11-78D) from Danger
Island Troughs and basalt drilled at DSDP Hole 317A (Jackson et al, this volume) . Fields for ocean-ridge tholeiite, ocean island tholeiite, and alkali basalt from Bass etal(1973) .
within the field of Hole 317A basalts. The high-MgO samples are considerably richer in Co than the high-MgO basalt from the Ontong-Java Plateau described by Stoeser (in press). During fractionation, the trend observed on the Co, Ni, V ternary plot appears to roughly parallel a line of constant Co while moving from the Ni corner toward the V corner. Jackson, personal communication, 1974) . Most of the "incompatible trace elements" (Green and Ringwood, 1967) increase from Samples ST11-78-15 and -14 to Sample ST11-78-16 (as MgO decreases). In particular, Ba, Rb, and Rb more than double while Sr, Y, and Zr remain relatively constant.
Mineral Analyses
Electron microprobe analyses of phenocrysts and microphenocrysts of olivine and chromite from Samples ST11-78-14, -15, and -16 are given in Tables 4 and 5. All mineral analyses were performed using a focused beam approximately 2 µ in diameter. FeO and Fβ2θ3 were calculated for the chromite analyses assuming perfect spinel stoichiometry (R +2 = R +3 +Ti). The four analyzed olivine phenocrysts in ST 11-78-15 average Foββ.i and have a range of F087.7 to Foβ8.4. The two phenocrysts with the lower Fo content are large embayed olivine phenocrysts; phenocrysts (01-15-3 and 15-4) having the higher Fo content are smaller euhedral olivine. The cromite grains which coexist with these olivine phenocrysts show considerable chemical variation, particularly in the ratio Cr/(Cr+Al), which ranges from 0.685 to 0.736 for three chromite grains analyzed from Sample ST11-78-15. The largest chromite crystal has the lowest concentration of G"2θ3. Sample ST 11-78-14 contains olivine phenocrysts (average F088.2) with composition identical to those in ST11-78-15. The analyzed chromite grains show an even larger compositional variation than those from ST11-78-15; the ratio Cr/(Cr+Al) ranges from 0.701 to 0.776. Whereas compositions of both olivine and chromite from Samples ST-78-15 and -14 are nearly identical, Sample ST11-78-16 contains olivine phenocrysts with an average composition Foβs.i and chromite with Cr/(Cr+Al) averaging 0.679. The chromite from ST11-78-16 is much richer in T1O2, FeO, and Fe2θ3, but contains considerably less Cr2θ3. The whole-rock chemistry indicates that ST 11-78-16 is more fractionated or contains fewer olivine xenocrysts than either ST11-78-15 or -14. The mineral analyses of olivine phenocrysts from these three samples confirm this interpretation, as the olivine from ST11-78-16 is more iron rich than that from ST11-78-15 or -14. Chromite compositions change during fractionation as the variations between ST 11-78-16 chromite and ST11-78-14 or -15 chromite show. Jackson (1969) and Evans and Wright (1972) have shown that the ratio Fe +2 /(Fe +2 +Mg) in chromite and olivine covary. From the relationship between Fe +2 / (Fe +2 +Mg) in olivine and in chromite from the Manihiki dredged basalts and the Makaopuhi lava lake shown in Figure 10 , it is apparent that the chromite which coexists with olivine in the Manihiki basalts has a considerably higher ratio of Fe +2 /(Fe +2 +Mg) than (Jackson et al, this volume) and Site 389 (Stoeser, in press ). (Evans and Wright, 1972) are shown for comparison.
spinel stoichiometry could lead to relatively large errors, that the activity of Tiθ2 must be considered due to the high Tiθ2 content of chromite from Kilaeua Iki and Makaopuhi lava lakes, and that Jackson's expression might be incorrect because of nonideality of the system. The high temperatures calculated for the very low-TiCh chromite-olivine pairs from the Manihiki Plateau Samples ST11-78-14 and -15 indicate that, while the activity of Tiθ2 may cause errors, the high calculated temperatures from volcanic olivine-chromite pairs cannot be attributed to neglect of TiCh in the thermodynamic derivation of Jackson's expression. A fourth possible explanation for the high calculated temperatures is that the olivine-chromite pairs in volcanic rocks do not represent equilibrium pairs since the chromite crystals are almost always enclosed in, and therefore predate, the olivine crystals. Jackson's expression is extremely sensitive to the forsterite content of the olivine, resulting in an increase of nearly 50°C for each 0.5 wt % decrease in forsterite content, calculated using a constant chromite composition. It is possible that the olivine and chromite compositions in the basalts may represent inherited olivine and chromite which have been unequally equilibrated. Microprobe analyses of quench olivine from the three samples (Table 7) show that the phenocryst and quench olivine in Sample ST11-78-16 are nearly identical, whereas the quench olivine in Samples ST 11-78-15 and -14 has a variable composition but is more iron rich than the phenocrysts. These relations suggest that the olivine phenocrysts in Sample ST 11-78-16 are in equilibrium with the glass while those in the olivine-rich samples are not. The apparent disequilibrium of the olivine phenocrysts with the melt would seem to indicate that the inherited olivine and chromite may indeed be unequally equilibrated as suggested above.
The extremely fine grain size of the quench pyroxene in the dredged basalt samples makes microprobe analysis difficult. Table 7 lists a single analysis; the rest of the grains analyzed gave compositions approaching the glass compositions given in Table 2 . The analyzed grain is a magnesian pigeonite as are the two grains for which only Ca, Fe, and Mg could be determined. These with the field for chromite from alpine peridotites. The Manihiki Plateau chromite data are close to the field of chromite from Kilauea Iki lava lake, though distinct from it. The chromite grains from Kilauea Iki are higher in Fe2θ3 and lower in O2O3 than any of the chromite analyzed from the Manihiki Plateau samples.
The clinopyroxene from the gabbroic cumulate (Table  9) is augite, having an average composition \V038.5En53.1Fs8.4 and a range of compositions given by Wθ36.5-39.9En54.8-52.iFs7.6-io.5. Individual crystals show nearly the entire rnage of compositions, being zoned with Fe-rich, Al-poor rims and Al-rich, Fe-poor centers. The orthopyroxene (Table 9) is bronzite, having an average composition Wos.sEnβo^Fsu.i and a range of compositions given by W04.9-7.3Ens3.2-78.2Fs11.7-25.8. The rather high content of CaO in the bronzite crystals is almost certainly due to exsolution lamellae of clinopyroxene. These analyses and eight additional partial analyses are plotted in the pyroxene quadrilateral of Figure 11 .
Distribution of Mg and Fe between coexisting orthopyroxene and clinopyroxene from sample ST11-78-23 yields an average D value of 1.13 where (Kretz, 1961 (Kretz, , 1964 . Although the distribution coefficient has not been calibrated by laboratory experiment, Kretz (1961 Kretz ( , 1964 has shown that pyroxenes crystallizing from mafic lavas have D values of about 1.4, and pyroxenes from crustal metamorphic rocks, values of about 1.8. The D value for Sample ST11-78-23 therefore indicates a high temperature of formation.
The pyroxene compositions are slightly enriched in iron and suggest that the sample corresponds to the upper part of layer 3. Microprobe analyses by Jackson et al. (1975) of pyroxenes from the Vourinos Ophiolite in Greece show that compositions of clinopyroxene simi- analyses are plotted in the pyroxene quadrilateral in Figure 11 . The quench pigeonite is not chemically similar to any of the pyroxenes analyzed from the Hole 317A basalts (Table 12 ; Jackson et al., this volume).
Chromite from the gabbroic cumulate (Table 8) is somewhat more iron-rich and magnesium-poor than the chromite from Samples ST11-78-14, -15, and -16. The chromite analyses (Tables 5 and 8) demonstrate that the chromite from the cumulate is chemically distinct from the chromite of either the olivine basalt (ST11-78-14, -15) or the basalt ). The color change in chromite from red-brown to dark red-brown to opaque does not correlate with increasing CnCh but instead with increasing iron.
Much of the chemical variation observed among chromite grains from a single sample or single outcrop can be attributed to systematic variations in Cr/ (Cr+Al) and Mg/(Mg+Fe +2 ). All the chromite analyses from (Tables 5 and 8) have been plotted on a Cr/(Cr + Al) relative to Mg/(Mg+Fe+ 2 ) diagram (Figure 12 ). The chromite grains analyzed fall within a restricted field compared lar to those in Sample ST11-78-23 occur only in the upper 500 meters of the layered sequence, and that similar orthopyroxene compositions occur much deeper in the layered sequence. Clinopyroxene compositions from the Papuan Ultramafic Belt (England and Davies, 1973) are all considerably more calcic than those from Sample ST11-78-23, orthopyroxene compositions as iron rich as those from Sample ST11-78-23 occur only in the gabbroic and ultramafic cumulates.
The classification of Sample ST11-78-23 as a gabbroic cumulate is highly dependent on identification of a single grain of labradorite (~AΠÓÓ, calculated from content of CaO = 14.8%) and the presence of abundant colorless montmorillonite-group clays and fibrous zeolites. A single partial analysis of one of the radiating fibrous zeolites (Table 10) confirms the zeolites as secondary after plagioclase, as they contain high concentrations of both CaO and AI2O3 and low concentrations of FeO and MgO (they are probably thomsonite or gismondine).
Most of the cumulus olivine has been replaced by a fibrous material, a small percentage by serpentine. The fibrous material has a chemical composition very similar to saponite (see Table 10 for four analyses), indicating that AI2O3 has been a fairly mobile component during alteration.
DISCUSSION
The basalts recovered in dredge ST11-78D from the Danger Island Troughs are abyssal tholeiite extremely depleted in many of the incompatible trace elements (P, Zr, Sr, Pb, Rb) and strongly enriched in MgO, Ni, and Cr. Petrographically, the samples are unusual in the high percentage of olivine phenocrysts and the presence of abundant chrome spinel and quench olivine. All samples contain quench clinopyroxene microlites exhibiting a striking plumose texture. Melson et al. (1975) have described other olivine-rich ridge tholeiites from the Mid-Atlantic Ridge.
The three analyzed dredge samples are quartz normative or strongly hypersthene normative, a composition indicating that the magmas equilibrated with wallrock at very shallow depths (pressures < 5 kbar; Green and Ringwood, 1967) . The high concentrations of MgO, Ni, and Cr in these basalts indicate that they have not undergone extensive or even minor shallow fractionation. As the composition of these basalts suggests equilibrium at shallow depths, the basaltic magma was probably generated by partial melting at shallow depths (pressures <5 kbar). The basalts drilled in Hole 317A,
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O STl1-78-23, full analysis from (Evans and Wright, 1972) ; data for dunite, harzburgite, chromitite, and orthopyroxenite are from the Burro Mountain (Loney etal, 1971) , Vulcan Peak (Himmelberg and Loney, 1973) and Red Mountain-Del Puerto (Himmelberg and Coleman, 1968) alpine-type peridotites. Field enclosed by dashed lines includes chromite data from other alpine-type peridotites (Irvine, 1967) .
which show comparable amounts of quartz and hypersthene in their norms, also appear to have been generated at shallow depths. The drilled basalts generally contain lesser amounts of the refractory elements than the dredged basalts and may be somewhat fractionated, assuming the parental meterials for the two basalt suites were the same. MacGregor (1969) demonstrated that the Tiθ2 concentration of a eutectic melt in the system MgO-Tiθ2-Siθ2 increases with pressure; he suggests that the Tiθ2 content of basaltic liquids is a function of the depth at which partial melting occurs. The low TiCh concentrations of the dredged basalts, only about onefourth of average oceanic basalt concentrations (see Jackson et al., this volume) may indicate that the basaltic liquids were generated at shallow depths. The basalts drilled at Hole 317A have Tiθ2 concentrations about half the oceanic tholeiite averages; their Tiθ2 concentrations, interpreted in the same way as the dredged basalts, suggest deeper, but still shallow, depths of magma generation, again assuming the same parental material. Hubbard (1969) demonstrated that a roughly inverse correlation exists between T1O2 and AI2O3 for oceanridge tholeiite, Hawaiian tholeiite, and Hawaiian alkalic basalt. He interpreted this correlation to indicate that AI2O3 decreases and Tiθ2 increases in the basaltic liquid with increasing depth of magma generation. The dredged basalts are depleted in both AI2O3 and TiCh, plotting far from the ocean-ridge tholeiite field of Hubbard (1969) on a plot of AI2O3 relative to T1O2 ( Figure  13 ). The basalts drilled in Hole 317A lie beneath Hubbard^ field (1969) , intermediate between its lower boundary and the dredged basalts. Green and Ringwood (1967) showed that higher degrees of partial melting tend to produce picritic magmas with low AI2O3 contents. The low concentration of AI2O3 in the Manihiki basalts may indicate a higher degree of partial melting. The low TiCh concentration could be due in part to magma generation at a shallow depth and in part to a large degree of partial melting. The correlation of AI2O3 and Tiθ2 noted by Hubbard (1969) is consistent with shallow fractionation of plagioc) α se plus clinopyroxene resulting in high concentrations of Ti (and Fe) and low concentrations of AI2O3.
The extremely low concentrations of Sr, Zr, and P relative to concentrations found in "average" oceanridge tholeiite, can be interpreted as indicating a relatively large degree of partial melting for the Manihiki basalts (Gast, 1968) . Bass (1971) suggested that more rapidly spreading ridges generally tap magmas from lesser depths and that these ridges are underlain by a thinner lithosphere, the base of which he defines as the depth of brittle fracture. The chemistry of the Manihiki basalts in general, and the dredged basalts in particular, indicates a shallow magma source region for these rocks. This suggests that the ridge system at which the dredged basalts originated was fast spreading. Bass (1971) also suggested that magmas erupted at fast-spreading ridges generally undergo extensive low-pressure fractionation, perhaps in shallow, slowly cooling magma chambers in the lower crust as suggested by Cann (1970) . The dredged basalts, as noted, have certainly not undergone extensive shallow fractionation, with the exception of Sample ST11-78-16, which can be interpreted as having lost olivine plus chromite. The failure of these basalts to equilibrate in shallow magma chambers and fractionate may result from a large degree of partial melting coupled with a shallow depth of magma generation. The basalts drilled in Hole 317A appear to have been derived from shallodeoths, although they may be somewhat fractionated.
The Manihiki is a large area where tholeiitic basalts of the general ocean-ridge type erupted in shallow water (Jackson et al., this volume) . The excessive volume of magma which erupted to form the Manihiki Plateau probably resulted from a shallowing of isotherms in this region that produced a large degree of mantle partial melting at very shallow mantle depths.
The recovery of a gabbroic olivine-chromite cumulate from a 1.5-km (sec) high basement outcrop in the Hubbard, 1969) of DSDP Hole 317A basalts (Jackson et al, this volume) and dredged basalts. Field shown encloses data from Hubbard (1969) .
Danger Island Troughs suggests either that layer 2 is extremely thin beneath the Western Plateau or, more probably, that the Danger Island Troughs are a system of fracture zones (Melson and Thompson, 1971) containing fault slivers originating in layer 3. Only one of the two tectonic models presented by Winterer et al. (1974) for the generation of the plateau is consistent with the Danger Island Troughs being a fracture zone. This tectonic model, modified from that of Larson and Chase (1972) , suggests that the plateau formed at a triple junction of the Pacific, Farallon, and Antarctic plates. Morgan (1972) and Wilson and Burke (1973) have noted that areas of voluminous mantle melting commonly are near lithospheric triple junctions. It appears from the interpretation developed here that the melting anomaly which produced the Manihiki Plateau may indeed have been a thermal anomaly. Sample from dredge ST11-68D. Pale brown altered basalt (B) enclosed in thick manganese crust (M). Green montmorillonite group clays (C) occur as clasts within the manganese. Phosphorite (P) cement is also present. Sample is 8 cm in the longest dimension.
Sample from dredge ST11-68D. Pale brown highly altered basalt surrounded by bright green montmorillonite group clay alteration. Sample is 3.2 cm in the longest dimension.
Sample ST11-78D-16. Fresh black basalt enclosed in montmorillonite group clay alteration rind. The sample is 2.9 cm across. 
